Topomer CoMFA models have been used to optimize the potency of 15 biologically active acridone derivatives selected from the literature. Their 3D chemical structures were sliced into three acyclic R groups, to produce a fragment that is present in each training set. The analysis was successful with 3 as the number of components that provided the highest q 2 results: q 2 is 0.56, which is the cross-validated coefficient for the specified number of components, giving rise to 0.37 standard error of estimate (q 2 stderr), and a conventional coefficient (r 2 ) of 0.82, whose standard error of estimate is 0.24. These results provide structure-activity relationship (sar) among the compounds. The result of the Topomer CoMFA studies was used to design novel derivatives for future studies.
Introduction
There are many biologically active fused heterocyclic rings. Acridone is one of such scaffolds known to be associated with biological activities due to the pharmacological activities of its nucleus [1] . It has a carbonyl group and nitrogen at the 9 and 10 positions, respectively. Acridones of natural and synthetic origins are known topossess a wide variety of biological activities [2] , includeing inhibitory action against viruses, such as human cytomegalovirus [3] [4] [5] , Epstein-Barr virus [6] , adenovirus [7] , and Junin virus [8] . In addition, acridone-based derivatives have been studied as anticancer agents, [9, 10] which are believed to express their activity through binding of DNA [11] . Similarly, 10-N-substituted acridones, with the rigid aromatic tricyclic ring system, have been established to have potent chemo-sensitization pharmacophores [12] .
Often, potency improvement is achieved by structural modification of lead candidate; one way is the systematic iterative analysis of accumulating structure-activity relationship (SAR) data. A notable QSAR methodology with global success [13] in analyzing structure-activity data [14, 15] is comparative molecular field analysis (CoMFA). [16] Yet CoMFA has weaknesses. The most challenging is its input requirement that each ligand structure can be represented as a 3D model, by selecting an absolute orientation of a single conformational alignment [17] . Sometimes, the alignment can yield excellent models with superior predictive ability [18] [19] [20] . However, only one method exists for validating the alignment procedure, which is the maximization of various q 2 (crossvalidated r 2 ) statistics. This averages the internal predicttive accuracy for every structure-activity observation. This difficulty is addressed by Topomer CoMFA, a completely objective and universal methodology for generating an alignment of a structural fragment [21] , both a conformation and its orientation in a Cartesian space. By definition, structural fragments contain a common feature. Topomer CoMFA is a 3D-QSAR tool that automatically generates a model for predicting the biological activity or properties of compounds [22] . In this present work, Topomer CoMFA methodology has been employed to identify pharmacophoric units, and to establish the contributions of each of the identified R groups in the training sets.
Fifteen compounds were selected from the works of Cluadia et al. [8] , and Jane et al. [12] . The structures of the compounds and their respective biological data are given in Tables 1 and 2, respectively. All molecular modeling calculations were done using SYBYL-X 1. 3 [23] program (Tripos Associates Inc.), windows operating system version. Molecule building was done with a molecule sketch program. The molecular geometry of each compound was first minimized using a standard Tripos molecular mechanics force field with 0.05 kcal/(mol·Å) energy gradient convergence criterion. Their charges were computed by the Gasteiger-Huckel MMFF method [24] [25] [26] [27] [28] . Partial atomic charges were assigned to each atom before energy minimization was carried out, using Powell Method 100 iterations, and conjugate gradient method as the termination, until molecule converged using Tripos standard force field with a distance-dependent dielectric function whose dielectric constant is 1.00. Before submitting the job for Topomer CoMFA analysis, each of the training set structures was broken into three sets of fragments (also referred to as R-groups) as shown in Figure 1 .
This was accomplished by specifying multiple acyclic single bonds to cut within each complete structure, since they all shared identical substructure (i.e., constant core). Once fragmentation was completed, the input structures were standardized, normalized and the topomers generated. The following values were reported in the Topomer CoMFA dialog after the model was created: the number of components that provided the highest q 2 results; crossvalidated r 2 (q 2 ) value for the specified number of components; conventional r 2 value; crosssvalidated standard error of estimate; y-intercept for the PLS analysis; predicted activity for the training sets, and fragment contributions of each R-group to the predicted activity (adding the sum of the fragment contributions with the PLS intercept value gives the predicted activity value). These results are summarized in Tables 2 and 3 .
Topomer CoMFA calculates the contribution of each fragment (R n in the equation below) toward the predicted activity by multiplying each grid point value for its steric and electrostatic fields by the corresponding coefficient, and summing these values. Thus, the pIC 50 contributions from R-group are calculated using the CoMFA QSAR equation, an ordinarily invisible though fundamental result that, for Topomer CoMFA, includes up to 2000 terms for each R-group. For a particular R-group, this calculation commences by generating its Topomer and then its steric and electrostatic fields at each of the locations.
where SE is the steric interaction energy calculated at a particular spatial location; SC is the coefficient of the steric term, reflecting the relative contribution of a particular spatial contribution; EE is the electrostatic interaction energy calculated at a particular spatial location; EC is the coefficient of the electrostatic term, reflecting the relative contribution of a particular spatial location; represent a particular spatial location. 1, 2, n  The model generated was successful (since q 2 > 0.2), and it was used to predict the activity of additional structures.
Topomer CoMFA produced large green contours around -OCH 3 , long aliphatic tertiary amine and -Cl groups as shown in Figure 2 , indicating that the presence of a bulky substituent at these positions should improve biological activities. The Topomer CoMFA electrostatic map displays contours where the partial negative charge is associated with increased activity. As expected, they sit within the red regions in the electrostatic field, since their atomic charges (calculated using Gaisteiger-Huckel MMFF method) are all negative, except for the long red and blue contours due to alternating series of positive and negative charges. This suggests that they will improve activity. Based on these observations, 10 new compounds were designed (shown in Table 4 ), and the Topomer CoMFA model generated was used to predict biological activity for each compound. Substituents other than those present in the training set, especially R 1 and R 2 , were explored to determine how they impact on activity. The Topomer CoMFA interface standardized and normalized the structures, and automatically applied the fragmentation rule used for the training set. Structures that failed to be split via fragmentation rule were manually split. Table 5 summarizes the results obtained.
Clearly, all the test compounds show better activity than the training set compounds with 17 as the most potent in the series. This is so because -SO 3 H has a superior steric bulk contribution than all other substituents at the metaposition, though it has about the same electrostatic contribution with -Cl at the same position. At the orthoposition, -OCH 3 appears to improve activity more than any other groups examined at that position. Table 6 provides a summary of the steric and electrostatic con tributions of all the tested substituents, while Figure 3 (G-M) shows an array of how they sit within the contours. This present studies have established Topomer CoMFA as a 3D QSAR tool that automates the creation of models for predicting biological activity of compounds. The 3D QSAR results have revealed important sites where chemical modifications are desirable, which has led to the design of 10 novel derivatives for future studies. 
